We compared progression-free survival (PFS) and overall survival (OS) among 292 metastatic renal cell carcinoma (mRCC) patients either undergoing nephrectomy (Nx, 61.6%) or not (non-Nx, 38.4%), stratified according to the MSKCC and Heng risk models, treated with either immunotherapy (IT, 45.2%) or targeted therapy (TT, 54.8%) between 2000 and 2015. During the follow-up duration of 16.6 months, PFS/OS of the Nx (6.0/30 months) and non-Nx (3.0/6.0 months) groups were significantly different despite differences among baseline parameters (p < 0.05). The intermediate-and poor-risk patients defined using either model showed significantly longer PFS and OS in the Nx group than in the non-Nx group (p < 0.05). After stratifying groups by systemic therapy and risk models, both the Nx and non-Nx groups showed no significant differences in intermediate and poor-risk models (p > 0.05). In both synchronous and metachronous mRCC patients, both PFS and OS showed similar survivals; the Nx group had significantly longer PFS and OS than the non-Nx group, even after considering each systemic therapy and prognostic model. Nx showed a significant positive benefit in PFS and OS compared to no Nx upon patient stratification according to the MSKCC and Heng risk models. The metastatic type did not significantly affect survival between the two groups.
Statistical analysis. The baseline characteristics are presented as frequency (percentage) for categorical variables and median (range) for continuous variables. Differences in distributions were compared between SM and MM using the Student's t-test, Pearson's Chi-square test, Fisher's exact test, and Log-rank test as appropriate. Survival curves and their differences are presented using the Kaplan-Meier curve and log-rank test to analyze times to progression (PFS) for first-line systemic therapy and death (OS) after systemic therapy according to the number of MSKCC and Heng risk factors. All results were considered statistically significant when two-sided p-values were <0.05 using SAS 9.2 software (SAS Institute Inc., Cary, NC, USA).
Data availability. The datasets generated and/or analyzed during the current study are available from the corresponding author upon reasonable request.
Results
During a median 10.0-months of treatment and 16.6 months of follow-up, the median PFS/OS was 11.0 (8.0-14.0)/4.0 (2.8-5.2) months with an objective response rate of 17.5% and disease control rate of 63.4% after first-line therapy ( Table 1 ). The median number of metastatic organs was 2.0 (range, [1] [2] [3] [4] [5] with the lung being the most frequently metastasized organ (75.7%), followed by bones (45.2%), lymph nodes (24.3%), brain (18.8%), and the liver (17.1%). A total of 106 patients had only one metastatic site (36.2%) and 98 (33.3%) patients had at least two or more metastatic organs. The overall patients' Charlson comorbidity index was a median of 7.0 (range, [6] [7] [8] [9] [10] [11] [12] [13] with hypertension (43.8%) and diabetes (22.3%) being the most frequent underlying diseases among enrolled patients.
The median PFS/OS for IT and TT were 2.0 (1.1-2.9) months/10.0 (6.8-13.2) months and 5.0 (3.5-6.5) months/13.0 (8.4-17.6) months, respectively (OS for IT-TT, 24.0 [11.2-36.8] months). The Nx group had significantly longer PFS/OS (6.0/30.0 months) than the non-Nx group (3.0/8.0 months, p < 0.001, Supplementary  Figure 1 ). The comparison of PFS/OS between IT and TT according to the prognostic model showed significant differences. TT had better prognostic effects on both PFS (9.0 and 4.0 months) and OS (32.0 and 9.0 months) than IT (PFS, 4.0 and 2.0 months; OS, 26.0 and 6.0 months) among intermediate and poor risks, and the IT-TT group had the best PFS/OS among all MSKCC and Heng risk groups (p < 0.05, Table 2 and Supplementary Figure 2 ). Despite the significant differences in baseline characteristics between the Nx and non-Nx groups, including those in metastatic type, ECOG-performance status, number of MSKCC and Heng risk factors, treatment duration, clinical and pathologic T stage, first line systemic therapy, rate of treatment-free interval <1 year, and survival rate (p < 0.05, Table 3 ), patients in the Nx group had significantly prolonged PFS/OS compared to the non-Nx group (p < 0.05, Table 4 ).
After stratification of prognostic risks and systemic therapies, patients in the Nx and non-Nx groups had insignificantly different PFS and OS, especially among the poor-risk patients with no benefits in PFS and OS (p > 0.05, Table 5 ). Regarding the comparison between Nx and non-Nx for SM and MM, the Nx group had significantly better PFS (5.0 vs. 3.0 months) and OS (22.0 vs. 7.0 months) than the non-Nx group regardless of the types of systemic therapy and prognostic risk models (p < 0.05, Supplementary Tables 1 and 2 ).
Discussion
The therapeutic concepts of Nx in metachronous and synchronous mRCC are different, although radical (or partial) Nx for localized RCC and CNx for mRCC both have a significant survival gain 6, 14, 15 . Radical (or partial) Nx removes all cancer cells en-bloc within the primary kidney rendering the patient completely free of cancer until metastasis or recurrence occurs. Recurrent or metastasized cancers in metachronous mRCC are composed of dormant cancer cells that have re-appeared or new cancer cells with different metabolic activity in metastatic lesions, and create a tumor microenvironment that is different from lesions in localized RCC. Meanwhile, CNx for synchronous mRCC removes the primary loco-regional tumor as much as possible to decrease the tumor burden in order to achieve better responses to systemic therapy and focuses more on the metastatic lesions 16, 17 . Although CNx does not guarantee a surgically curable status, a few selected patients achieved complete remission after CNx in combination with targeted therapy 18 . The effects of Nx for mRCC with regard to the prognostic risks, metastatic types, and type of systemic therapy were compared to those of no Nx. Nx had significant benefits for OS compared to no Nx in intermediate risk patients with mRCC (Table 4 ) despite the more favorable baseline characteristics of patients in the Nx group (p < 0.05, Tables 1 and 2 ). The Nx group was mostly consisted of patients with favorable risk group and metachronous type of metastasis. However, the Nx and no Nx groups failed to show any significant differences in PFS among any risk groups and in OS within the poor-risk group (Table 5) .
Additional findings on the metastatic types showed that they did not significantly affect the prognostic survival differences between patients who underwent Nx and those who did not ( Supplementary Tables 1 and 2) . The synchronous and metachronous sets showed almost no difference in the survival of patients who underwent Nx and those who did not. Both sets of patients with mRCC had a significantly better PFS and OS after Nx than without Nx upon stratification by types of systemic therapy and in the prognostic risk models. This implied that Nx was beneficial for both synchronous and metachronous mRCCs when the patient's surgical condition and disease status allowed it, and thus, was a significant factor for better survival in mRCC. Regarding the type of systemic therapy, in both metastatic types, Nx with IT or with TT resulted in similar median OS of 20 months and 22-25 months, respectively, and no Nx with IT or TT resulted in similar OS (6 months vs. 9 months) within the MSKCC and Heng risk models (Supplementary Tables 1 and 2) . The recent development of targeted agents using a genetic analysis technique permitted prolonged survival of mRCC patients compared to that with IT, especially in the intermediate Heng risk and Nx groups with more than two-fold increase in OS, (p < 0.001, Table 2 ), which is similar to the results of this study. Moreover, Nx with adequate and proper selection of the targeted therapeutic agents as well as of patients with a prognostic model would provide the best opportunities for survival compared to no Nx 6,15 . Bamias et al. 19 showed that patients with primary mRCC treated with sunitinib and CN had a significantly longer OS than patients who did not undergo CNx (23.9 vs. 9 months), and found the Heng and MSKCC risk models to be associated with prognostic significance. The present study also demonstrated that in favorable and intermediate risk patients with general conditions susceptible to Nx, TT had much greater chances of controlling tumors in mRCC patients than non-Nx.
Other retrospective studies [20] [21] [22] including a Surveillance, Epidemiology, and End Results (SEER) database study 21 have suggested CNx as an independent factor of OS with 19 months of improvement after CNx in the TT era even after adjusting for established prognostic risk factors (vs. 13 months in the IT era) 20 . Finally, two famous randomized phase 3 trials namely, CARMENA with Nx followed by sunitinib vs. sunitinib alone and SURTIME, with immediate vs. deferred (after 3 complete cycles of sunitinib) CNx 23 are currently ongoing and would provide definite answers to questions on the benefit and timing of CNx for mRCC treated with TT 24 . Discussions on CNx have included the indications for CNx by properly selecting patients. Regarding the better prognosis of CNx, the current indications for mRCC were patients with good performance status, large primary tumors accounting for most of the disease volume, and low metastatic volume, but not patients with poor PS or Heng or MSKCC poor-risk disease, with relatively small primary tumors and high metastatic volume, and/ or with sarcomatoid tumors 4, 23 . There is little doubt that patients with solitary tumors or oligometastasis could either potentially be cured by CNx and complete resection of metastatic sites, or benefit from a substantial delay and reduction in associated side-effects of systemic therapy before further progression requires medication 6, [16] [17] [18] .
However, because of the clinical and biological heterogeneity of synchronous mRCCs and the lack of biomarkers, not all patients with mRCC benefited from CNx, especially among the poor-risk group 25 . CNx in patients who have a poor performance (ECOG 2/3 patients) might serve a palliative function, but it should be performed with caution because of the poor outcomes in such patients 26 . This study did not show a significant beneficial effect on survival compared to that in the non-CNx poor-risk group, similar to the studies by Choueiri and Heng 11, 21 .
Heng et al. also found that most patients with 4 or more IMDC risk factors did not benefit from tumor removal 22 .
Despite the CNx effect on survival, the use of CNx declined to 34-38% in 2005-2010 since the introduction of TT, suggesting that more patients would eventually be treated with the primary tumor in situ 11, 27 . The reason for this decline was that, unlike IT, TT alone could control the disease, particularly at the primary tumor site; thus, Nx might not be necessary. This might avoid the morbidity and mortality associated with surgery followed by a postoperative delay in starting systemic treatment allowing further disease progression.
Another issue regarding CNx was its effect on mRCC with the combination of TT in a neoadjuvant (in the meaning of "presurgical") setting with delayed CNx. The theoretical advantage of neoadjuvant TT with delayed CNx was downsizing the primary renal tumor and rapid initiation of effective systemic therapy without any delay associated with planning, performing, and recovering from Nx after supportive care for improving general conditions 143 . Moreover, patients with primary refractory disease would be accurately identified, and therefore, might have an opportunity to promptly switch to another targeted agent. However, it should be noted that approximately 30% of patients failed to go on the planned Nx in neoadjuvant trials due to changes in the performance state of individuals and downsizing of the tumor with TT seemed to be quite modest (2-6% by the RECIST criteria), which was not enough to facilitate CNx 14 . The frequent occurrence of disease progression (approximately 33-37% by the RECIST criteria) 28 during a surgery-related break in treatment was another important issue that occurred approximately 3-4 weeks postoperatively 29 . However, this neoadjuvant TT and delayed CNx might be one option for poor-risk patients with an ECOG score of 2 to 3 in the poor-risk group. TT might be proposed as the first-line treatment to these patients, especially with MSKCC intermediate-risk disease in a phase 2 trial with pazopanib; CNx should be considered only after an objective response to the systemic treatment 30 .
In addition, the rapid progression after cessation of TT with CNx remains unclear, as to whether it was due to the withdrawal of anti-angiogenic therapy before surgery, the release of growth factors after surgery, a combination of both, or if it was progression due to TT resistance. Translational research on primary tumor tissue has shown that withdrawal of sunitinib led to rapid endothelial cell proliferation 31 . This seems to support the hypothesis that a treatment break might trigger progression in some patients, although that patient population cannot be identified 4 . A tumor flare phenomenon suggested by Escudier et al. 32 showed acceleration of tumor growth rate and induction of tumor flares after cessation of systemic treatment, which could negatively affect mRCC prognosis.
The limitations of this study were its retrospective design with a small number of poor-risk patients. Additionally, the intraoperative measures and further analyses of systemic agents, including pathological and metastatic information have not been accounted in the survival rate of Nx group. However, this is an evidence-based retrospective study providing the positive aspects of CNx in the TT era. A carefully selected group of patients with synchronous mRCC can obtain a clinical benefit with survival gain after combinational local surgery such as metastatectomy or radiation therapy with systemic TT.
Conclusion
The prognostic significance of Nx for PFS and OS according to the MSKCC and Heng criteria showed a positive effect in the intermediate-and poor-risk groups among mRCC patients treated with first-line systemic therapies. A stratified comparison of PFS and OS by systemic therapies and metastatic types between the Nx and non-Nx groups showed no significant differences among those with poor risk; however, significant differences among those with intermediate risk were observed.
